Introduction {#Sec1}
============

Febrile neutropenia (FEN) is the most common complication requiring hospitalization and causing mortality in patients with hematological cancer. Also, febrile episodes prolong the duration of hospitalization in neutropenic patients \[[@CR1]\].

Clinically documented infections occur in 20--30% of febrile episodes \[[@CR2], [@CR3]\]. Most of the infections documented in patients with FEN are caused by endogenous flora \[[@CR4]\]. Among these, circulatory and respiratory system infections are the most common. While gram negative bacteria were the most frequently detected infectious agents up until the 1980s, gram positive bacteria became the most common factors in the following years, due to increased use of vascular catheters, prophylactic antibiotic applications, and toxic intestinal chemotherapy applications. However, in recent years, the rate of gram negative bacteria has increased again \[[@CR5]--[@CR9]\]. Commonly seen gram positive bacteria are S. aureus, coagulase negative Staphylococcus (CNS), and Streptococcus species; gram negative bacteria include E. coli, Klebsiella species, and P. aeruginosa \[[@CR10]\]. Fungal agents, most commonly Candida and Aspergillus, can also be identified as causes of FEN.

Severe neutropenia, prolonged neutropenia, presence of mucositis, type of cancer (such as acute leukemia, high-risk myelodysplastic syndrome), uncontrolled or progressive cancer, induction therapy or application of intensive chemotherapy such as hematopoietic stem cell transplantation, presence of comorbid disorders requiring hospitalization, use of central venous catheter, use of monoclonal antibody, poor performance status, and advanced age are some of the risk factors defined for FEN development \[[@CR11]\].

To the best of our knowledge, seasons or months have not been defined as risk factors for FEN in hematological cancer patients. The primary aim of the study was to investigate whether there is a relationship between the frequency of febrile neutropenic episodes (FNEs) and seasons in hematological cancer patients. The second aim of the study was to determine the type and frequency of pathogens detected in FNEs.

Materials and methods {#Sec2}
=====================

In this study, 194 FNEs of 105 patients with hematological malignancies who had been followed at a multidisciplinary hospital (Akdeniz University School of Medicine Hospital) between June 2013 and May 2014 were evaluated. Patients with allogeneic stem cell transplants were not included in the study. The available medical files and biological results of all 105 patients were retrospectively reviewed.

According to the ASCO guidelines, fever was defined as a single oral temperature measurement of \>38.3 °C (101 °F) or a temperature of \>38.0 °C (100.4 °F) sustained over a one hour period. We defined neutropenia as an absolute neutrophil count (ANC) \<500 cells/mm^3^ or an ANC that was expected to decrease to \<500 cells/mm^3^ during the next 48 h \[[@CR12]\].

Clinical and demographic data of the patients and the months and seasons of FNEs were noted. In addition, neutrophil count, C‑reactive protein (CRP) level, length of hospitalization, culture results of blood and other body specimens, isolated pathogens, detected foci of infection, and antibacterial, antiviral, or antifungal treatments were reviewed. The study protocol was approved by the institutional ethics committee of Akdeniz University School of Medicine Hospital and conducted in accordance with the principles of the Declaration of Helsinki and the Good Clinical Practice guidelines of the International Conference on Harmonization. In addition to descriptive statistical methods (mean, median, and standard deviation), the χ^2^ test was used to compare qualitative data, and the Student's t‑test was used for quantitative two-group comparisons of the parameters with normal distribution. The results were evaluated with a confidence interval of 95% and a significance level of *p* \< 0.05.

Results {#Sec3}
=======

There were 69 (65.7%) male and 36 (34.3%) female patients. The median length of hospital stay was 26.5 days (3--82). Demographic characteristics of the cases are presented in Table [1](#Tab1){ref-type="table"}.Table 1Demographic characteristics of patients*Sex* ^a^Female36 (34%)Male69 (66%)*Age* ^b^All60 (21--89)Female58 (21--88)Male61 (22--89)*Malignancy* ^a^Acute lymphoblastic leukemia20 (10.3%)Acute myeloid leukemia80 (41.2%)Chronic lymphocytic leukemia5 (2.6%)Chronic myeloid leukemia2 (1%)Hodgkin lymphoma4 (2.1%)Non-Hodgkin lymphoma49 (25.3%)Myelodysplastic syndrome21 (10.8%)Multiple myeloma10 (5.2%)Hairy cell leukemia2 (1%)Plasma cell leukemia1 (0.5%)*ECOG performance status* ^a^188 (45.4%)266 (34%)336 (18.5%)44 (2.1%)*Status of malignancy* ^a^Newly diagnosed65 (33.5%)Remission53 (27.3%)Relapsed-refractory72 (37.1%)Stable disease or partial response4 (2.1%)^a^*n* (%)^b^Median (min--max); *ECOG* Eastern Cooperative Oncology Group

The FNEs occurring during a given period of chemotherapy-induced neutropenia were 90% of all FNEs, and the chemotherapy regimens included 18 different protocols. Ten percent of FNEs were not related to chemotherapy. The mean number of FNEs was 1.78 ± 0.91 in females, 1.86 ± 1.16 in males, and 1.83 ± 1.08 in all patients. There was no difference in the number of FNEs according to gender (*p* = 0.748). The median neutrophil count was 80 (0--990)/mm^3^ and the median CRP level was 6 mg/dl (0.2--32; normal range: 0--0.5). No pathogen was detected in 54.6% of FNEs. In 76 of the FNEs, only one microorganism was isolated, while in 12 FNEs, more than one microorganism was isolated. Isolated microorganisms are presented in Table [2](#Tab2){ref-type="table"}. Of the isolated bacterial microorganisms, 63.3% were gram negative bacteria and 36.7% were gram positive bacteria. Among gram negative bacteria, the most commonly isolated bacterium was E. coli. The most frequently isolated bacterium among gram positive bacteria was CNS.Table 2Microorganisms isolated in episodes of febrile neutropenia(*n*: 113)(%)*Bacteria9079.6Gram negative5750.4*Escherichia coli2421.1Klebsiella pneumoniae98Acinetobacter baumannii76.2Pseudomonas aeruginosa54.4Enterobacter cloacae43.5Stenotrophomonas maltophilia32.7Citrobacter koseri21.8Haemophilus influenzae10.9Enterobacter aerogenes10.9Pantoea10.9*Gram positive3329.2*Coagulase-negative staphylococci1614.2Enterococcus faecium1412.3Staphylococcus aureus10.9Streptococcus pneumoniae10.9Corynebacterium jeikeium10.9*Virus1513.3*İnfluenza virus65.3Herpes virus43.5Human rhinovirus21.8Coronavirus10.9Rinosinsitial virus10.9Parainfluenza virus10.9*Fungal65.3*Candida albicans21.8Aspergillus flavus43.5*Parasite21.8*Amoeba21.8

In 64 (32.9%) FNEs, no clinical focus of infection was detected, while in 130 (67.1%) FNEs, a total of 175 possible clinical foci of infection were detected. Of these, a single focus was detected in 97 FNEs and multiple foci were detected in 33 FNEs. The clinical foci of infection in FNEs are presented in Table [3](#Tab3){ref-type="table"}.Table 3Infection foci in FEN episodes(*n*: 175)(%)Lower Respiratory Path6034.3Blood2313.1Upper Respiratory Path1910.9Gastrointestinal System179.7Catheter179.7Skin---Soft Tissue179.7Urinary116.3Paranasal Sinus84.6Dental31.7

Although the number of FNEs increased in autumn, there was no significant difference in frequency of FNEs between months (*p* = 0.564) and seasons (*p* = 0.345) (Figs. [1](#Fig1){ref-type="fig"} and [2](#Fig2){ref-type="fig"}).Fig. 1Number of febrile neutropenia attacks by monthsFig. 2Rate of febrile neutropenia attacks by seasons

It was observed that 78 (40.2%) FNEs were treated with single antibacterial therapy and 116 (59.8%) FNEs were treated with combined antibacterial treatment. Antifungal treatment was added to antibacterial treatment in 76 (39.1%) FNEs, and antiviral treatment was applied in 15 (7.7%) FNEs. The management did not differ according to particular seasons.

Twenty-seven (13.9%) of the 194 FNEs resulted in death. The main causes of death were sepsis (74.1%), intracranial bleeding (14.8%), and acute respiratory distress (11.1%).

Discussion {#Sec4}
==========

Today, various cytotoxic antineoplastic therapies are widely used in hematological cancers. However, there is an increase in the frequency of infections due to myelosuppression and immunosuppression caused by the disease itself and current treatments. Studies show that life-threatening infection occurs in 48--60% of FEN patients \[[@CR13]\]. Seasonal patterns of infection can be observed for some of the viruses that cause the common cold. In temperate regions of the northern hemisphere, the frequency of respiratory infections increases rapidly in autumn, remains fairly high throughout winter, and decreases again in spring. In tropical areas, most colds arise during the rainy season \[[@CR14], [@CR15]\]. Based on the presence of seasonal viral infection patterns, this study investigated whether there was a similar seasonal change in FNEs. It was found that there was no difference in frequency of FNEs according to months and seasons. The probable reason why there is no difference according to months and seasons is that the pathogens are largely caused by endogenous flora.

The second aim of the study was to determine the type and frequency of pathogens detected in FNEs in patients with hematologic cancer. The proportion of gram negative bacteria was significantly higher (approximately twice as much) than the ratio of gram positive bacteria. Among all pathogens, E. coli was the most common (21.2%). Also, these pathogens did not show any change according to seasons. Therefore, empirical antimicrobial therapy does not require a change according to the seasons. FEN is a medical emergency and empirical treatment should be started as soon as possible. The aim of empirical therapy is to cover the most likely and most virulent pathogens that may rapidly cause life-threatening infections. Therefore, clinicians need to be aware of the current microbiology surveillance data from their own institution, which can vary widely from center to center. This allows for better management of the process with selection of more appropriate empirical antimicrobial therapy.

The limitation of the study was that the follow-up period of the participants was not sufficient. A study with a longer follow-up period is needed to more thoroughly investigate seasonal frequency in febrile neutropenia. A more wide view of the whole world practice is needed.

It would be nice to know the frequencies of admissions for febrile episodes per month and per season also for non-cancer patients in order to evaluate if the seasonal variations of infections which have been reported elsewhere can be also observed in our region. Although there is no reported study in our region, it can be said that viral infections are more common in autumn and winter months. If a more comprehensive study is to be carried out, the presence of a non-cancer control group will provide clearer information.
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